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Background: Probe-based confocal laser endomicroscopy (pCLE) is an emerging method for in-vivo imaging of the 
gastrointestinal tract and requires a contrast agent. Fluorescein is the most commonly used agent. The optimal dose of 
fluorescein for pCLE in colon is unknown.
Objective: Exploration of optimal dose of fluorescein for pCLE in colon.
Design: Comparative, prospective pilot trail. 
Setting: Tertiary-care center. 
Patients: 18 participants underwent colonoscopy without complications.
Interventions: pCLE videos were recorded in normal cecum, using 10% fluorescein intravenously. 
Main Outcome Measurements: For subjective analysis, pCLE videos were scored for quality, by 2 observers, 
independently and blinded to fluorescein dose. For objective analysis, signal-to-noise ratios (SNR) were calculated for 
each video by an expert. 
Results: 6 fluorescein doses were used, including 0.5 mL, 1 mL, 2.5 mL, 5 mL, 7.5 mL and 10 mL and each dose was used in 
three patients. For each dose, median image quality score was 2.5, 2.0, 3.25, 4.0, 4.0 and 3.5 by first observer and 2.0, 3.0, 
4.0, 5.0, 4.0 and 4.0 by second observer, respectively. The subjective quality scores increased from 0.5 mL to 5.0 mL, with 
no evidence of further improved quality at 7.5 mL and 10 mL doses.  SNR were not significantly different between doses 
but trended higher for higher doses.
Limitations: Small sample size. The results can not be applied to other parts of gastrointestinal tract i.e. duodenum, 
esophagus with different blood supply. 
Conclusion: This preliminary study suggests that the optimal dose of fluorescein for high quality pCLE imaging in colon 
is approximately 5.0 mL.

Introduction 

Confocal laser endomicroscopy (CLE) is a new method for 
gastrointestinal endoscopy that allows cross-sectional imaging of 
epithelium at resolution of approximately 1 micron. It is capable 
of in-vivo visualization of cellular and sub-cellular structures as 
well as capillaries and red blood cells, and in the case of pCLE, 
video imaging of blood flow at a capillary level. Clinically this has 
the potential to facilitate true in-vivo “virtual biopsy.” allowing 
real-time guidance of endoscopic therapy, as well as reducing the 

need for random biopsy.1 The various potential applications of this 
technology include detection of neoplasia in colon1-3, duodenum4 
and Barrett’s esophagus5 allowing improved targeting of biopsies, 
avoidance of random biopsy by confirmation of non-diseased 
tissue, reducing the need for histopathological confirmation of 
small non-advanced colon polyps, and detection of inflammatory 
bowel disease, celiac sprue, and microscopic colitis.

Currently, there are two systems for CLE; one which is 
integrated into an endoscope (eCLE, Pentax corporation, Ft 
Wayne, NJ), and second that is integrated into a small caliber probe 
that can be passed through the accessory channel of a standard 
endoscope (pCLE, Mauna Kea Technologies, Paris, France). Both 
systems are optimized with the use of a contrast agent. The most 
common contrast agents currently being studied or used in clinical 
practice include fluorescein sodium and acriflavine hydrochloride. 
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Acriflavine can only be used topically (0.05% in saline) but is 
not approved for use in humans due to a small probability of 
mutagenic potential.6 The fluorescein sodium is a Food and Drug 
Administration (FDA) class IIa drug which has been approved by 
the FDA for ophthalmic angiography or angioscopy of the retina 
and iris vasculature in conjunction with a confocal scanning laser 
ophthalmoscope. It is a useful diagnostic technique for anatomic 
and physiologic evaluation of ocular structures.7-11 The standard 
adult dose of Fluorescite® (fluorescein injection, USP) 10% 
containing fluorescein sodium, used in ophthalmic practice, is 
500 mg (100 mg/mL) via intravenous administration.with rapid 
onset of action within 6 to 15 second.7,8  Fluorescein undergoes 
rapid metabolism to fluorescein monoglucuronide in liver.12 
The fluorescein monoglucuronide has fluorescent properties 
and contributes about 20% of fluorescence as compared to 
unbound fluorescein.12 Fluorescein and its metabolites are mainly 
eliminated via renal excretion. After IV administration, the urine 
remains slightly fluorescent for 24 to 36 hours. A renal clearance 
of 1.75 mL/min/kg and a hepatic clearance (due to conjugation) 
of 1.50 mL/min/kg have been estimated. The systemic clearance 
of fluorescein was essentially complete by 48 to 72 hours after 
administration of 500 mg fluorescein. 

The safety of fluorescein sodium in gastrointestinal CLE has 
been investigated recently. A large multi-center study led by our 
group including 2272 patients (excluding pregnant and breast 
feeding females), evaluated the safety of intravenous use of 2.5 
mL to 5 mL of 10% fluorescein sodium. This study showed very 
low rates of mild (1.4%) and serious (0%) side effects during 
immediate post procedure period.13 In addition to its good safety 
profile and rare side effects, fluorescein is inexpensive, easy to use, 
and has excellent fluorescent properties.

The intravenous dose of fluorescein sodium, which has been 
used for colorectal CLE, is in the range of 0.5 mL to 10 mL of 10% 
fluorescein in the US and 0.5 mL to 10 mL of 1% fluorescein in 
various centers around the world.1,5,14 However, the optimal dose 
of the fluorescein for colorectal CLE use is unknown.  

We conducted the current study as a preliminary exploration 
of the effectiveness of a range of doses of 10% fluorescein in a 
small number of patients. We included the range of fluorescein 
doses currently used in clinical/research procedures such as 
ophthalmologic angioscopy, and gastrointestinal CLE in various 
international research or clinical centers. Furthermore, this study 
attempted to explore the optimal fluorescein dose needed for 
imaging in colon only. Both objective and subjective measures 
of quality were used in examining confocal images in the colon 
(cecum) of human subjects. 

Material and methods

Patients
Participants in this study were patients undergoing surveillance or 
screening colonoscopy.  The study was approved by Mayo Clinic 
Institutional Review Board and all participants provided informed 
consent.  Exclusion criteria were patients with non-corrected 
coagulopathy, women suspected of being pregnant or breast 
feeding, documented allergy to fluorescein, and patients with no 
colorectal lesions found during a study colonoscopy.  Twenty four 

hours prior to the procedure patients were prepped satisfactorily 
with two to four liters of polyethylene glycol solution. Conscious 
sedation was performed with intravenous administration of 
midazolam, meperidine and/or fentanyl or with propofol.

Endoscopy equipment and procedure
All procedures and examinations were performed by two experts 
in advanced endoscopic imaging methods and pCLE (MBW, 
AMB). Each procedure was performed using a high-definition 
colonoscope (Olympus CFH180, Olympus, Center Valley, NY). 
A 4 mm transparent cap was attached to the tip of the endoscope 
to stabilize pCLE probe on the mucosa. 

The pCLE system consists of three items. The first part of the 
system was a confocal high resolution probe (ColoFlex, type UHD 
Confocal Miniprobes, Cellvizio®-GI, Mauna Kea Technologies, 
Paris, France) made of 30000 optical fibers bundled together. The 
external diameter of probe is 2.5 mm and is compatible with the 
accessory channel of any standard endoscope. The second part 
of the system is a proximal laser scanning unit (LSU, Cellvizio-
GI, Mauna Kea Technologies, Paris, France) that combines laser 
light illumination and rapid laser scanning providing a frame rate 
of 12 images per second signal detection. The third part of the 
system is a control and acquisition software for real time image 
reconstruction; immediate sequences display and post procedure 
analysis with editing tools available (Cellvizio Software, Mauna 
Kea Technologies, Paris, France). The images obtained have a 
lateral resolution of 1.0 µm, axial resolution of 5.0 µm and a total 
field of view of 240 µm in diameter.

During each procedure, the colonoscope was advanced from 
anal verge to cecum which was recognized by the presence of 
illeocecal valve and appendiceal orifice. The confocal miniprobe 
was passed through the scope and gently placed at the randomly 
selected normal appearing spot in the cecum after overlying 
mucosal secretions were cleared with sterile water lavage. The 
single dose of fluorescein was administered by rapid I.V. push 
and, simultaneously, recording of confocal images was started. 
The confocal sequences were recorded for at least 2 minutes 
while keeping the probe at the same point. Although pCLE 
imaging is possible for up to 15 minutes after fluorescein injection 
(elimination half life of fluorescein is 24 minutes), we did not 
attempt to standardize the analysis of image quality/ SNR as a 
function of time. In our clinical experience we have previously 
observed that, stable good quality images can be obtained within 
first two to three minutes of injection of fluorescein dose. Time 
dependant studies with pCLE have also shown that optimal 
images are obtained beginning at 30 seconds to 8 minutes after 
injection.15 The different doses which were evaluated for image 
quality included 0.5 mL, 1 mL, 2.5 mL, 5 mL, 7.5 mL and 10 
mL. Each dose was tested on three patients and each patient 
received only one dose of fluorescein during this portion of the 
study. Following the imaging with each dose above, for patients 
who received < 5 mL, we completed the injection up to our 
standard dose of 5 mL to 10 mL while imaging polyps. Only the 
normal mucosal imaging at the starting dose was analyzed as part 
of this study. 

Hemodynamic parameters and overall side effects were 
monitored continuously during the whole procedure and for up 
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to 3 hours afterwards until the patient was awake, alert, and fit for 
discharge from the endoscopy laboratory.

Subjective analysis
Each video sequence, at least two minutes duration, was assessed 
for quality from beginning to end.  Before subjective assessment, 
all eighteen video sequences were randomized irrespective of 
the subject or fluorescein dose. Each sequence was viewed 
in its original format (.mkt, proprietary format, Mauna Kea 
Technologies) and quality analysis was performed after the 
completion of acquisition, in “offline” fashion, by two observers 
(MW, AM). The observers were blinded to the dose of fluorescein 
and each other’s assessment. Each video clip was scored on a scale 
of 1 to 5 (1 being worst, 3 acceptable and 5 being equal to the 
histology) by each observer. 

Objective analysis
The objective analysis of the pCLE video sequences was performed 
by calculating and using the signal-to-noise ratio (SNR) as an 
objective contrast parameter. It is an electrical engineering term, 
defined as the ratio of signal power to the noise power corrupting 
the signal. A ratio higher than 1:1 indicates more signal than noise. 
In less technical terms, signal-to-noise ratio compares the level of 
a desired signal to the level of background noise. The higher the 
ratio, the less obtrusive the background noise is.

The standard method to evaluate the signal-to-noise ratio is by 
processing images acquired on a medium with a constant signal.16 
For CLE signal-to-noise ratio, we chose areas on tissue image that 
had a very high probability of having homogeneous signal and 
computed the signal and noise measurements only on these areas. 
This method is based on the assumption of a constant signal over 
the area; which was confirmed by visual inspection of the video 
image.

Each two minutes video sequence was de-identified and analyzed 
for the signal-to-noise ratio (SNR) in a blinded, randomized 
fashion to actual dose of fluorescein used and subjective analysis 
of the observers. Each sequence was comprised of repeated still 
frames acquired at 12 frames/ second. For evaluation of SNR, 
each frame or image was divided into 32x32 pixels square blocks. 
The pixel is the smallest addressable screen element; it is the 
smallest unit of picture that can be controlled. The location of 
a pixel corresponds to its coordinates. Each homogenous square 
block of pixels corresponds to tissue areas where fluorescein had 
constant concentration and was used to calculate the SNR. The 
SNR, here, was the ratio between the mean pixel value and the 
standard deviation of the pixel values in a homogenous square 
block of pixels. It was calculated mathematically using the 
following formula.

SNR = Signal Power / Noise Power
Where,
Signal Power = Sum over all pixels of the area of the intensities
Noise Power = Standard deviation of the intensities of all pixel 

over the area. 
Each single SNR value was then used to calculate the average of 

all measurements to represent accurately the quality of the whole 
sequence. 

Statistical considerations
As an exploratory study, the sample size of 3 patients per dose was 
decided upon as the minimum to obtain initial estimates of image 
quality at difference doses. The formal statistical tests were not 
performed; however, both SNRs and observer quality ratings were 
described as means, medians, and standard errors and displayed 
in tabular and graphical format. The purpose was to provide 
sufficiently robust estimates in order to plan larger more definitive 
studies, and to refine the selection of dose ranges for such studies. 

Results 

General characteristics of patients
Between September 2008 and June 2009 eighteen patients were 
enrolled in the study. Among 18 participants, there were 8 males 
and 10 females. The median age at the time of colonoscopy was 70 
years (range 43-87). One patient was African American; all others 
were Caucasians. None of the patients experienced any endoscopic 
complications or adverse reaction to sodium fluorescein with the 
exception of transient yellow discoloration of the skin and urine 
which resolved by the time of discharge from the recovery room 
(skin) or within 24 hours (urine). 

Subjective assessment of the image quality
The ratings of the two observers are shown on Figure 1. This 
figure indicates that although the two raters assigned variable 
quality scores to the same pCLE  video, that differed by up to 
2 points on the 1 to 5 scale, there is a clear overall upward trend 
in quality scores from 0.5 mL to 5 mL with scores remaining 
relatively stable for higher doses of fluorescein. Across the two 
raters, quality scores at the three lower doses ranged from 1.5 to 
4 with a median of 2.6; scores at the higher three doses ranged 
from 3 to 5 with a median of 4. As a reference, a score of 5 was 
to be assigned when the quality was considered to be equal to 
that of histology, and a score of 3 represented quality that was 
considered adequate for interpretation. The Figure 2 shows the 
confocal images of the colonic mucosa at 6 respective doses of 
10% fluorescein sodium.

Objective evaluation – signal-to-noise ratio (SNR)
A total of 24892 images from the video sequences of the 18 
patients were analyzed. The SNRs were calculated for all study 
patients and are shown in Figure 3. Although there were some low 
SNRs at the three higher doses that might affect the credibility of 
SNR as an objective measure of image quality with fluorescein 
dose, SNRs tend to increase from the 0.5 mL to 7.5 mL dose; 
showing a clear upward trend overall. 

Discussion 

The data from this preliminary study suggests that the optimal 
dose range for gastrointestinal CLE is approximately 5 mL of 10% 
sodium fluorescein, with lower doses resulting in lower quality 
and higher doses yielding no further gain in quality. At the lower 
doses of fluorescein the images had less contrast and increased 
background noise.  

Intravenous fluorescein has been used extensively in humans 
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Figure 2.  The pCLE images (after mosa-
icing) of normal cecum obtained using 
various doses of 10% IV fluorescein. A: 0.5 
mL; B: 1 mL; C: 2.5 mL; D: 5 mL; E: 7.5 mL; 
F: 10mL.

Figure 1.  The subjective quality ratings by the two observers: The 1-5 
quality score is such that: 1=poor, 3=adequate, 5=equivalent to histol-
ogy. At each dose, each patient has the same symbol for the two raters, 
and the same symbol is used for the same patient in Figure 2.

Figure 3.  Signal to noise ratio calculated on the confocal images when 
three patients each were assigned to six different doses of fluorescein. At 
each dose, each patient has the same symbol as in Figure 1.
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for ophthalmologic angiography. Safety and efficacy are well 
established for its use in ophthalmologic angiography. In a dose 
ranging study of 150 patients undergoing ophthalmoscopy with 
the same formulation of 10% I.V. fluorescein at a 2 mL and 5 
mL dose,17 superior image quality was observed at the higher (5 
mL) dose, although side effects (mild nausea and vomiting) were 
reported in 2 patients at the higher dose. In the ophthalmologic 
literature, mild nausea and vomiting occurred in up to 2-10% 
of individuals.18,19 Severe adverse reactions such as cardiovascular, 
respiratory, or neurologic compromise were reported in 0.05% of 
individuals. In another study, the frequency rate for a moderate 
reaction was 1.6%, for a severe reaction 0.05%, and for death 
0.0005% (1 in 222000).20 In a recent study of more than 11000 
patients undergoing fluorescein ophthalmologic angiography, 
minor adverse events were reported in 1.1% and none had severe 
adverse events.21

Confocal laser endomicroscopy is a new imaging technique 
and currently, is being evaluated for its application in diagnosis 
of mucosal diseases of various organs. Recent studies suggest 
that CLE is can be used for diagnosis of neoplasia in Barrett’s 
esophagus5,22-26, colon polyps1,3,27-30, colitis associated neoplasia31-34, 
and even inflammatory conditions such as H. pylori35, and celiac 
sprue36-38. However, the optimal dose of fluorescein to be used 
during confocal laser endomicroscopy in gastroenterology has 
not been determined. This is the first prospective study, to our 
knowledge, to assess the optimal dose of fluorescein in human 
subjects for gastrointestinal CLE. 

Limitations of this study include the small size of patient 
population enrolled for each dose of 10% fluorescein. However 
this was a preliminary study and further larger studies could now 
be conducted that focus on doses in the vicinity of 5 mL. In 
addition, our study was volume based dosing and was not based 
on the weight of the patients. Although this is standard for adult 
patients, weight-based dosing may allow further refinement in 
dose optimization.  

The optimal fluorescein dose for pCLE images may vary from 
one luminal organ of GI to another as the blood supply, type 
of epithelial lining, mucosal thickness and permeability of each 
part of GI is different. These factors can affect the distribution of 
fluorescein and resultant fluorescence released at the site of CLE 
imaging. For example the duodenum, being more vascular, may 
require lower dose of fluorescein for CLE imaging than esophagus, 
which is lined with tightly adherent squamous cells. As our study 
primarily attempted to explore optimal fluorescein dose during 
colorectal CLE, the results might not be applicable to other areas 
of gastrointestinal tract. 

By exploring the effect of fluorescein dose on both of objective 
and subjective measures of image quality, we have taken a first step 
in attempting to standardize an important aspect of the protocol 
for confocal endomicroscopy image acquisition. Ultimately 
studies of this kind may lead to an improvement in the in-vivo 
diagnostic accuracy and facilitate real-time in vivo interpretation 
of histology. 
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